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Abstract 

The detailed energy, angular, and spatial distribution of neutrons 
and their secondary gamma rays is given for nine source energy groups, 
a fission spectrum, and a typical thermonuclear spectrum. Resuits for 
ranges to 2000 meters for the eleven sources ar2 supplemented with 
results to 5000 meters for a fission and 12.2~ tc 15-MeV source. In 
addition to the detailed description of the radiation field, the angular 
distributions of Henderson dose, Snyder-Neufeld dose, tissue kerma, 
mid-phantom dose, concrete kerma, air kerma, ionizing silicon kerma, 
and non-icnizing silicon kerma are given for neutrons, and the Henderson 


dose, concrete kerma, air kerma, and silicon kerma are given for secondary 


gamma rays. some comparisons with air-over-ground results are made. - : 


The detailed radiation field from weapons detonated in the atmosphere 
is required as the scurce term for many shielding calculations. For 
low altitude detonations, less than approximately 20,000 ft, and for 
source and detector altitudes greater than approximately 2.000 ft, the 
radiation field may be determined from results of transport in an infinite 


homogeneous medium. In addition, infinite air results provide the 


upper limit for the effect of the ground on the radiation field. 
In order to provide infinite air data for comparison with those 
previously published* for a source height of 50 ft above an air- 
ground interface, tabular results are presented of discrete ordinates 


calculations of the energy, angular and spatial distribution of neutrons 


and their secondary gamma rays due to point isotropic sources in an infinite 

medium of air. The same cross sections, air density and method of calculation 

were used as in reSerence 1. e ' 
The neutron sources for this problem were isotropic and uniformly dis- 4 

tributed over each energy group; the groups considered are shown in 

Table 1. In addition to these band spectra, results are also given for 

a typical thermonuclear source (see Fig. 1 and Table 2) and for a fission 

source. The air composition was assumed to be 21% oxygen and 79% nitrogen 

at a density of 1.11 mg/cc. The discrete ordinates code ANISN® was used 

to determine the neutron and gamma-ray distribution in a 2,000-meter sphere; 

in two cases results for a 5,000-meter sphere are presented. The neutron 

cross sections were taken from ENDF/B,> and the secondary gamma-ray production 

cross sections were from various aeurees.” Twenty-two neiatron groups and 

18 gamma-ray groups were used to represent the cross sections in the Si 6Ps 


calculations. 
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Source Energy Spectrum for a Typical Thermonuclear Weapon. 


Fig. 1. 
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TABLE 2. ENERGY DISTRIBUTIONS FOR FISSION 
AND THERMONUCLEAR SOURCES 
Energy Fraction in Group 
(MeV) Fission Thermonuclear 
12.2 5-150 1.568(-4)* 7.06(-2) 
10.0 - 12.2 8.932(-4) 2.56(~2) 
8.19 - 10.0 3.480(-3) 1.41(-2) 
6.36 - 8.19 1.392(-2) 1.47(-2) 
4.97 - 6.36 3.457(-2) 1.80(-2) 
4.07 - 4.97 3.507(-2) 1.70(-2) 
3.01 - 4.07 1.072(-1) 2.60(~2) 
2.46 - 3.01 8.898(-2) 1.90(-2) 
2.35 ~ 2.46 2.323(-2) 5.00(-3) 
1.83 - 2.35 1.203(-1) 2,80(-2) 
112s. 2,83 2.181(-1) 6 .20(-2) 
0.55 - 1.11 1.983(-1) 8.50(-2) 
0.11 - 0.55 1.403(-1) 1.02(-1) 
0.0335 -0.110 1.550(~2) 3.65(-1) 
5.83(~4)-3.35(-2) 0 1,22(-1) 
1.01(-4)-5.83(-4) 0 2.40(-2) 
2.90(-5)-1.01(-4) 0 2.00(-3) 
<2.90(-5) 0 0 
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Results for the energy-angular distribution of both neutrons and their 


secondary gamma rays from inelastic neutron scattering, fast neutron capture, i 


In addition, the angular fluence is integrated to give the scalar fluence e 
at each range. 

Several neutron and gamma-ray responses have been used to weight 
the energy fluence to provide angular-dependent response information. 


Specifically, the neutron responses were the Henderson dose,° the Snyder- 


Neufeld abges” tissue kerma, ! the mid-phantom asaene concrete kerma, | 


air kerma, | and both ionizing and non-ionizing silicon kerma.” The specific 
response functions are given in Table 4. The gamma~ray responses were 
Henderson doaw’ concrete kerma, ~° air erma ,-° and silicon kerma? (see 
Table 5). To illustrate the variation of the various responses with range, 
Fig. 2 shows the results for a 12.2- to 15-MeV source. The type of response : 
has little effect on the shape of the curve for ranges greater than V800 meters. 

When the angular fluence varies with angle by a factor of approximately 
500 or more, the angular fluence may be negative in the backward angles 
due to the truncation of the Legendre expansion of the scattering cross 
section at Po. These negative fluences are small and do not significantly 
affect. the scalar fluence; however, if a negative value occurs for a 
direction which is important to the solution of a particular problem, then 
these results are probably inadequate. 

An index to the tabulated results is given in Table 6. To illustrate 
some of the results, Fig. 3 shows the spatial distribution of baRe neutron 


and gamma~ray doses due to both a 12.2- tc 15-MeV source and a fission 


source. Note that for ranges greater than about 2,000 meters the secondary 


gamma-ray dose dominates. 


and thermal neutron capture are given or the ranges listed in Table 3. 


AP ata en Le tee 


ie ag - eon A me ee Rr eee en ee eno eee a RE Ne ee ee Ba ee ~—- a ee 


Seat 


. 


Sons SAGE Se AE OSE Pay esis Hig ad 


TABLE 3. RANGE IN METERS FOR 
WHICH RESULTS ARE TABULATED 
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4, 
TABLE 5. GAMMA-RAY RESPONSE FUNCTIONS 
Upper Henderson 
e Energy Tissue Concrete Air Silicon 
Group (MeV) Dose® Kermabt Kermabt = Kermal 
1 10.0 2.42(-9) 2.65(-7) 2.24(~7)  2.80(-7) 
2 8.0 2.07(-9) 2.18(-7) 1.90(-7)  2.28(-7) 
3 6.5 1.76(-9) 1.80(-7)  1.60(-7) 1.83(-7) 
4 5.0 1.59(~9) 1.46(-7)  1.34(-7) 1.48(-7) 
5 4.6 1.27(-9) 1.18(-7)  1.12(-7)  1.20(-7) 
6 3.0 1.08(-9) 9.80(-8)  9.52(~8)  9.85(-8) 
7 2.5 8.75(-10)  8.40(-8)  8.30(-8) 8.40(-8) 
8 2.0 7.35(-10)  7.15(-8)  2.13(-8) ° 7.12(-8) 
: 9 1.66 6.44(-10)  6.15(-8) 6.15(~8) 6 .10(--8) 
10 1.33 5.30(-10) 5.05(-8)  5.05(-8)  5.05(-8) 
11 1.0 4.45(-10) 4.10(~8) 4.10(-8)  4.10(-8) 
: 12 0.8 3.50(-10) 3.30(-8) —3.26(-8) — 2.70(-8) 
13 0.6 2.56(-10)  2.42(-8)  2.38(-8)  2.37(-8) 
14 0.4 1.77(-10)  1.68(-8)  1.63(-8) 1.65(-8) 
15 0.3 1.22(-10)  1.20(-8) 1.11(-8) 1.17(-8) 
16 0.2 6.60(-11)  8.00(-9)  5.92(-9)  7.25(-9) 
17 0.1 3.90(-11) 1.20(-8)  2.72(-9) 9.75(-9) 
18 0.05 8.57(-12) 5.90(-8)  4.40(-9) —4.13(-8) 


* From reference 5. 
Oprom reference 10. 

* 

Units of Rad/(y/cm*) 


Tunits of (ergs/gm)/(y/cw?) 
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To compare these infinite air results with tze results for a source 
height of 50 ft, a rotation of the coordinates of the air~over-ground 
results mist be made. Figs. 4 and 5 show the comparison of infinite 
air results at 900 meters with those for source heights of 50 and 1125 ft 
an and detector height of 3 ft. The angular variable is measured from the 
source-detector axis. At this range, the effect of the ground is to make 
the dose entering the ground slightly more peaked for both neutrons and 
secondary gamma rays. 

These tabulated results provide the detailed energy angular distribution 
of both neutrons and secondary gamma rays in infinite air. The validity 
of the calculational technique and the input cross sections for the 
air-over-ground results has been established vious" by comparing 


calculations with experimental results from BREN? + and HENRE 2° These 


the accuracy of the results should be essentially the same as for 


e 
| calculations for infinite air utilized the same cross sections and e 
| the air-over-ground results. 
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SOURCE HEIGHT 1125 ft 
| 
SOURCE HEIGHT 50 ft 


47R* NEUTRON DOSE (cm2. rad/steradian/source) 


she 0.8 0.4 O 0.4 0.8 1.2 
COSINE OF SOURCE- DETECTOR ANGLE 


Fig. 4. Angular Distribution of Neutron Dose at a Range of 900 Meters 
Due to a 12.2- to 15-MeV Source. For the air-over-ground case, the detector 
is 3 ft above the ground. 
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Fig. 5. 
Due to 12.2- to 15-MeV Source. 
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